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Tectonic map of the Qaidam—Qilian region on the northern margin of the Qinghai—Tibet Plateau
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Fig.2 Geological sketch map of the central segment of the North Qilian Mountain
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Fig.3 TiO,~FeO,/MgO diagram (a) and Ti—V diagram (b) of eclogite in the North Qilian

Mountain and on the northern margin of the Qaidam basin



921

23 9~10
Ti/100 2Nb
4_':; .\"'».__ O bk [’ \
' & f \
(a) f_.n_ * . ) p \_,.\
/ / \_\..
/[ WPA \
\ /S Y
S ¢ I N Lo s fo "\
£ W g
~ xirpg’/?.‘ %I] \.' _,*if , '.lj// A\ .."}-_
S (ﬁgc " E~MOR
£ _;.""/(' A1 9 N y é\ Y 9\ \
y - \ [ wer= / /" & =
. \ CAB ~ 7 ®\ ;
/ o4 MORB\
VAB—.O\%
L W W W Y] W L W W W ' L Vi
Zr Zr/4 Y
4 i—Zr—Y (a) Nb—Zr-Y (b)
Fig4 Ti—Zr—Y diagram (a) and Nb—Zr—Y diagram (b) of eclogite in the North Qilian Mountain
and on the northern margin of the Qaidam basin
WPB— JIAT— ;s MORB— ;CAB— s WPA— ;
WPT— ;s VAB— ;E-MORB— s N-MORB—
WGR ° LREE N—-MORB .LREE E-MORB
3.1 (OIB), 3 4,
Song 7 R ,
.Sm—Nd . p-T-t o
. . SHRIMP ,
,Song [ 2 2D155 B4,
Grt+Omp+Phn+R, , 80~200 pm.,
Grt+Omp+Ky+Rt+Phn, ,15 SHRIMP 2ph/
+ N U 440 Ma~482 Ma, 458 Mat7
Ma(MSWD=0.97), Song ™ 2 Sm—Nd -
s Grt—Omp—Phn (458 Ma*t10 Ma 459 Ma+2.6 Ma)
(p=2.8~3.3 GPa, T=620~740°C) o o ,
5 , 300m O ,
, Pb ,
SHRIMP**Pb/>*U 426 Mat12 Ma,

il )

5

Fig.5 Typical section of eclogite in the north

ATTTRT 4

A R R

18]

Dulan belt




922 GEOLOGICAL BULLETIN OF CHINA 2004
3.2 397 Ma*8 Ma, 355 Ma*7 Ma
70%~80% , s s o
> Song ™ 33
° ) 2
. . , ( 5), o
- ° 80% s 2
4.5%, . °
) ( 6-ab),
200 km o , , , 2
e, @ ;@
Ti(0.6%~0.8%) .
Na( 0.3%) OH (>1000X107°), s o
o Ti Na SHRIMP 1003 Mat14 Ma,
7 GPa, - el Wan P
Ti.Cr Al °
° Ti ( + +
0.53%~0.69%, p>7 GPa, , + + + R
, 50~200 pm( 6—c.d),
T=960~1040°C, p=5.0~6.5 GPa, , , N
200 km °
Song 1
LA —ICP —MS
(SHRIMP) °
2
° SHRIMP
4 :@
457 Mat22 Ma,
(7)) 10)
423 Mat5 Ma,
200 km
16) 397 Ma£6 Ma; @
349~368 Ma,
s 6 (a.b)
o Fig.6. Photomicrographs of zircons from granitic gneiss
420 Mat5 Ma, (a.b) and peraluminous gneiss (c.d)

s




23 9~10 923
1517 SHRIMP 458 Ma*7 Ma Sm—Nd 458 Ma*10 Ma,
s N N 459 Ma*2.6 Ma SHRIMP
5 s 463~468 Ma . s SHRIMP
o i 34 , 423 Mat6 Ma, ,
s 900~1800 Ma, 2200 Ma, 40 Ma, 100~
s B 200 km o
423 Ma*7 Ma, 4.3
, 2 , ,
40 Mélo )
4 o
4.1 (1) ,2 ,
N—-MORB .E-MORB OIB
. , ( , o
) , (2) 2
(3) [24,25,34,36]
5739 2
N- E—- MORB ol - Wan -
[24] — . R
,2
> Yang ™ i
SHRIMP 533~568 Ma, s
22.40] s Rodinia s
N 2 2ph /U 2
463~468 Ma, . -
60 km - o
Ar—Ar 440~ (4) s s
460 Ma (26.4143] s s
[2] I I
( 440 Ma), .
’ 5
4.2
2 SHRIMP
. o 480 Ma( ) .
s - (440 Ma) ,, s
West Gneiss Region B 440 Ma
SHRIMP - , 423 Ma 100 km, 200 km,
,  420~400 Ma( )
a8 (Breakoft) N

s

MORB OIB ,

[46]
o

o

West Gneiss Region

48] [49]



924 GEOLOGICAL BULLETIN OF CHINA 2004

Pangea N

SHRIMP N N

)

[1]Chopin C. Coesite and pure pyrope in high—grade blueschists of
the western Alps: a first record and some consequences[J]]. Con-
tributions to Mineralogy and Petrology, 1984, 86:107~118.

[2]Smith D C. Coesite in clinopyroxene in the Caledonides and its
implications for geodynamics[]]. Nature, 1984, 310:641~644.

[3]Sobolev NV, Shatsky V S. Diamond inclusions in garnets from
metamorphic rocks[J]. Nature, 1990, 343.742~746.

[4]Xu S, Okay A I, Ji S, et al. Diamond from the Dabie Shan
metamorphic rocks and its implication for tectonic setting[J]. Sci-
ence, 1992, 256:80~82.

[5]Ye K, Cong B, Ye D. The possible subduction of continental
material to depths greater than 200km[J]. Nature, 2000, 407:
734~736.

[6]Song S G, Zhang L F, Niu Y L. Ultra—deep origin of garnet
peridotite from the North Qaidam ultrahigh — pressure belt,
Northern Tibetan Plateau, NW China[J]. American Mineralogist,
2004, 89:1330~1336.

[7]Rubbato D, Hermann J. Exhumation as fast as subduction? [J].
Geology, 2001, 29:3~6.

[8]Ernst W G. Subduction, ultrahigh—pressure metamorphism, and
regurgitation of buoyant crustal slices—implications for arcs and
continental growth [J]. Physics of the Earth and Planetary Interi-
ors, 2001, 127:253~275.

[9]Maruyama S, Liou J G, Terabayashi M. Blueschicts and eclogites
of the world and their exhumation[]]. International Geology Re-
view, 1996, 38:485~594.

[10] , , . (A].
(1)[C].1978.174~187.
[1] . 0. ,1980,2(1):
11~22.
2] , , ..
Ul ,1994,13(2) :97~104.
[13] , , .. Jl-
,1998,43:1544~1548.
[14] s s , . :
- 0l-
,2000,74(2) :156~168.
[15] , , . -
— 0l ,2001,75(2)
175~179.
[16] s . +
0. ,2001,75(2) :180~185.

[17]Song S G, Yang J S, Xu Z Q, et al. Metamorphic Evolution

of the Coesite —bearing Ultrahigh—pressure terrane in the North

Qaidam, northern Tibet, NW ChinalJ]. Journal of Metamorphic
Geology, 2003, 21:631~644.

[18]Song S G, Yang J S, Liou J G, et al. Petrology, Geochem-
istry and isotopic ages of eclogites in the Dulan UHPM terrane,
the North Qaidam, NW China[]]. Lithos, 2003, 70:195~211.

[19]Yang J S, Xu Z Q, Zhang J X, et al. Early Palacozoic North
Qaidam UHP metamorphic belt on the north —eastern Tibetan
Plateau and a paired subduction model[J]. Terra Nova, 2002,
14:397~404.

[20]Zhang ] X, Zhang Z M, Xu Z Q, et al. Petrology and
geochronology of eclogites from the western segment of the Al-
tyn Tagh, Northwestern China[J]. Lithos, 2001, 56:187~206.

(21] , , , 3.6Ga
0. ,2001,20:259~262.
[22] . 0. ,1991.

[23]Song S G. Metamorphic Geology of Blueschists, Eclogites and
Ophiolites in the North Qilian Mountains [A]. In: 30th IGC
Field Trip Guide T392 [C]. Beijing:  Geological Publishing
House, 1996.40.

[24]Wan Y S, Xu Z Q, Yang J S, et al. Ages and compositions
of the Precambrian high—grade basement of the Qilian terrane
and its adjacent areas[]]. Acta Geologica Sinica, 2001, 75: 375~
384.

2] : , :

U-Pb SHRIMP Ul- ,
2003,22:397~404.

[26]Wu H Q, Feng Y M, Song S G. Metamorphism and defor-
mation of blueschist belts and their tectonic implications, North
Qilian Mountains, Chinal]]. Journal of Metamorphic Geology,
1993, 11:523~536.

[27] . 1] ,1997,
12(4):351~365.

28] , , ,

11E ,1990, (3) : 277~280.

[29]Krogh—Ravna E, Terry M P. Geothermobarometry of phen-
gite—Kyanite—quartz/coesite eclogites[A]. In: Eleventh Annual V.
M. Goldschmidt Conference, Abstract #3145[C]. LPI Contri-
bution No. 1088, Lunar and Planetary Institute, Houston (CD-—
Rom),2001.

[30]Pearce J A, Cann J R. Tectonic setting of basic bolcanic rocks
determined using trace element analysis [J]. Earth Planet. Sci.
Lett., 1973,19:290~300.

[31]Meschede M.
types of mid—ocean ridge basalts and continental tholeiites with
the Nb—Zr—Y diagram[J]. Chemical Geology, 56:207~218.

[32] , ,Niu Y,

SHRIMP 0. ,2004,49(6) :592~595.
[33]Song S G, Zhang L F, Chen ], et al. Sodic amphibole exsolu-
North Qaidam UHP
belt, NW China: implications for ultradeep—origin and hydrox-

A method of discriminating between different

tions in garnet from garnet —peridotite,

yl defects in upper mantle[J]. American Mineralogist, in revision.
[34]Song S G, Zhang L F, Niu Y L, et al. Geochemical and
Geochronological constraints on tectonic evolution of two types

of subduction belts in the Northern Tibetan Plateaul[J]. J.Petrol,



23 9~10

925

in review.

[35]Song S G, Zhang L F, Su L, et al. Geochronology of dia-
mond —bearing zircons from garnet — peridotite in the North
Qaidam UHPM belt, A record of

complex histories associated with continental collision [J].  Earth

North Tibetan Plateau:

and Planetary Science Letters, in review.

[36] . [M]. : ;
2002.1~125.

[37]Mueller S, Phillips R.  On the initiation of subduction [J]. ]J.
Geophys. Res., 1991, 96:651~665.

[38]Bercovici D. The generation of plate tectonics from mantle con-
vection [J]. Earth and Planetary Science Letters, 2003, 205:
107~121.

[39]Niu Y, O’hara M J, Pearce ] A. Initiation of subduction zones
as a consequence of lateral compositional buoyancy contrast
within the lithosphere: a petrological perspective[J]. Journal of
Petrology, 2003, 44: 851~866.

[l- ,1997,16(2) :112~119.

[44]Ayers ] C, Dunkle S, Gao S, et al. Constraints on timing of
peak and retrograde metamorphism in the Dabie Shan ultrahigh—
pressure metamorphic belt, east—central China, using U—Th—Pb
dating of zircon and monazite [J]. Chemical Geology, 2002,
186:315~331.

[45]Hacker B R, Ratschbacher L, Webb L, et al. U-Pb ages
constrain the architecture of the ultrahigh — pressure Qinling —
Dabie orogen, China [J|. Earth and Planetary Science Letters,
1998, 161:215~230.

[46]Jahn B M. Sm—Nd isotope tracer of UHP metamorphic rocks:
implications for continental subduction and collisional tectonics|]].
International Geology Review, 1999,41:859~885.

[47] s . N

Ul ,1997,36:86~92.
[48]Krogh E J, Carswell D A. HP and UHP eclogites and garnet

peridotites in the Scandinavian Caledonides[A]. In: Coleman R

[40] s s . Ul G, Wang X (eds). Ultrahigh pressure metamorphism[C]. Cam-
,1978, 52:287~295. bridge: Cambridge University Press, 1995.244~298.
[41] , , 1. [49]Massonne H J, O'Brien P J. The Bohemian Massif and the

. 1986, (4):7~20.
[42]Liou ] G, Wang X M, Colemen R G. Blueschists in major
suture zones of China[]]. Tectonics, 1989, 8(3):609~619.
[43] , , .o - /

NW Himalayas[A]. In: Carswell D A, Compagnoni R (eds).
Ultrahigh Pressure Metamorphism, EMU Notes in Mineralogy,
5 European Mineralogical Union[C]. Budapest: Eotvos University
Press, 2003.145~187.

Early Paleozoic plate—tectonic evolution and deep continental subduction
on the northern margin of the Qinghai—Tibet Plateau

SONG Shuguang', ZHANG Lifei', Y Niu’, SONG Biao’, LIU Dunyi’
(1. School of Earth and Space Science, Peking University, Beijing 100871, China;
2. Department of Geoscience , University of Houston, Houston, Texas, U.S.;

3. Institute of Geology, Chinese Academy of Geological Sciences, Betjing 100037, China)

Abstract: Two different types of high—pressure (HP) —ultrahigh—pressure (UHP )metamorphic belts are developed in the North

Qilian Mountains and on the north Qaidam on the northern margin of the Qinghai—Tibet Plateau. The North Qilian
Mountains are a typical circum—Pacific type subduction zone and zircons from eclogite give a SHRIMP U—Pb age of 46415
Ma; whereas the north Qaidam is a typical continental subduction type metamorphic belt and coesite in zircon from gneiss
demonstrates that the northern margin of the Qaidam basin is an UHP metamorphic belt. Super—silicic garnet and ilmenite ex-
solution in olivine in garnet peridotite reflect that it formed at >200 km depth. The protolith of eclogite in the north
Qaidam shows the features of MORB and OIB and has the same age as eclogite of the North Qilian Mountain, representing
the age of metamorphism due to subduction of the Early Paleozoic Qilian Ocean. The zircon age of coesite—bearing gneiss
and the age of UHP metamorphism of garnet peridotite are both 423 Ma, representing the timing of continental deep sub-
duction. The authors think that the North Qilian Mountain and the north Qaidam are very likely to be the product in differ-
ent stages from oceanic subduction to continental collision of a subduction zone.

Key words: HP—UHP metamorphic belts; eclogite; garnet peridotite; coesite—bearing gneiss; North Qilian Mountains; north

Qaidam



